Improved antimicrobial prescribing is a key effort to reduce the impact of increasing antimicrobial resistance. Quality improvement programmes in antimicrobial prescribing have to ensure the continued engagement of prescribers with optimal prescribing behaviours. Serious games have been proposed to improve clinical practice and may serve to resolve some of the behavioural and social barriers influencing prescribing. We describe here the ongoing development and future evaluation of a mobile device-based serious antimicrobial prescribing game for hospital clinicians.
Introduction
Increasing antimicrobial resistance has been identified as a global threat to health [1] . Antimicrobial stewardship, or the prudent use of antimicrobials, has been advocated to arrest the advance of resistance [2] . A variety of antimicrobial stewardship measures have been implemented with varying success rates to improve the quality of antimicrobial prescribing. Whilst prescriber knowledge and skills are important, attention to behavioural and social aspects in prescribing appear equally essential to sustain improvement initiatives [3] . Serious games have been used to provide effective interactive learning and practice in surgery [4] , as well as for undergraduate medical education [5] . The use of psychological techniques used in games ('gamification') has also been successfully introduced in other clinical settings to maintain clinicians' commitment to desired behaviours [6], prolonging the sustainability of quality improvement programmes and resolving some of the issues related to engagement affecting traditional intervention. The National Centre for Infection Prevention and Management (CIPM) at Imperial College London had previously developed successful smartphone apps focused on local antibiotic prescribing policies, highlighting the potential for electronic and mobile technologies to fill the gap between information provision and behaviour change [7].
Objectives
We proposed the development of a serious prescribing game for computers and portable devices to support and encourage the prudent use of antimicrobials in hospitals prescribers. The development and evaluation of the serious prescribing game was our primary objective. Additionally, exploring the uptake, acceptability, and utility of the game as a tool to modify the behaviour of prescribing clinicians were some of the secondary objectives.
Materials and methods
The game is powered by a Unity game engine (Unity Technologies, USA), allowing for portability and multiplatform compatibility. Thus, the current game build can be installed and played in PC and Mac computers, as well as Android and iOS smartphone and tablet devices. We endeavoured to develop a product with light system requirements, in view of the potential for deployment and use in low-and middleincome countries.
Clinical elements
A series of virtual patients (Figure 1) were prepared in collaboration with commercial game developers, designers and clinicians (including doctors, pharmacists and nurses). These cases allowed clinicians to practice prescribing behaviours in a simulated environment, understanding the steps involved in the prescribing process and gaining a comprehensive overview of their professional role and the impact of antimicrobial prescribing decisions in diverse patient outcomes.
We prepared a list of clinical signs and symptoms, laboratory tests and imaging results related to different infectious pathologies. The ~120 cases included communityand healthcare-acquired pneumonia, viral and bacterial meningitis, urinary tract infection, influenza, cellulitis and C. difficile colitis, among others. The game provided players with clinical information about each patient gradually to help them decide the diagnosis and management for the case. Clinicians could opt to prescribe oral antibiotics, broad-or narrow-spectrum intravenous (IV) antibiotics, request further tests or discharge the patient without any treatment. In an attempt to replicate decisionmaking in real life, we developed a scoring algorithm that rewarded timely and accurate diagnosis and management and penalised rushed or delayed decisions. Delayed consequences of some prescribing choices were also made explicit to players using re-attending cases. For example, using IV antibiotics too frequently results in patients returning with cannula-site infections, thus increasing clinicians' workload. Likewise, the excessive use of broad-spectrum antibiotics will also lead to cases complaining of antibiotic-associated diarrhoea.
